Human herpesvirus-8 (HHV-8) DNA sequences have been identified in all forms of Kaposi's sarcoma (KS), a cancer found primarily in adult AIDS patients. We have identified HHV-8 strains in a rare human immunodeficiency virus (HIV)-negative form of KS, which is endemic in children in parts of sub-Saharan Africa. This was shown in Zambia, where we also had identified HHV-8 sequences in blood from HIVnegative febrile children without KS. In order to investigate the relationship of these Zambian strains to each other and to those from other forms of KS, we compared them to strains we have characterized from European AIDS KS (Denmark) and all published sequences from all forms of KS. Four distinct genomic regions were examined by
Introduction
Human herpesvirus-8 (HHV-8) DNA sequences were first identified in biopsy tissue from an AIDS-related Kaposi's sarcoma (KS) (Chang et al., 1994) . Subsequently, sequences have been identified in all forms of KS : classical, African endemic, AIDS-associated ' epidemic ' (Chuck et al., 1996 ; Huang et al., 1995) , post-transplant (Besnard et al., 1996) , and other non-KS conditions like Castleman's diseases (Soulier et al., 1995) and primary effusion lymphomas (PEL, or body cavity-based lymphoma, BCBL) (Cesarman et al., 1996) . The complete genomic sequence has been derived from a strain, BC1, which has established a persistent infection within a B PCR and sequencing : ORF26, ORF75, gH and K1. The results showed a distinct grouping of strains from both sets of Zambian children in all genomic regions studied, but which was most pronounced in the K1 glycoprotein gene. This gene was highly variable, encoding up to 25 % amino acid sequence variation. In contrast, the Zambian groups were closely related to each other, with only 2 % variation. Similar results were found in comparisons to the K1 sequences from HIV-positive febrile infants or KS children. The data raise the possibility that in areas where rare childhood endemic KS occurs, geographical variation in HHV-8 may relate to differences in virulence or transmission.
lymphocyte cell line derived from a BCBL (Russo et al., 1996) . It has also been derived from an AIDS KS sample, termed here KS-FN . The genome encodes homologues of conserved proteins of the human herpesviruses and shows greatest similarity and gene order with the gammaherpesviruses including Epstein-Barr virus (EBV ; Russo et al., 1996) , but more specifically a sub-group referred to as gamma-2 herpesviruses, which includes the monkey virus herpesvirus saimiri (HVS) and other animal herpesviruses with relations to various lymphoproliferative diseases (Albrecht et al., 1992 ; Efstathiou et al., 1990 ; Ensser et al., 1997 ; Gompels et al., 1988) .
We have been investigating a rare form of KS which is found in HIV-negative children, termed childhood endemic KS (KS-CE). This condition occurs in regions of sub-Saharan Africa, including Zambia and Uganda. Our studies have centred on a Zambian paediatric population where we have identified HHV-8 by PCR analyses in both KS-CE as well as infants admitted to hospital who have encountered their first febrile episode but do not show symptoms of KS (Kasolo et al., 1997) . The occurrence of KS-CE within certain populations could be due to many factors. From the description of the association of an infectious agent, HHV-8, with the development of KS, one possibility that can be addressed is the contribution of strain variation to disease.
Here we have extended our Zambian study to investigate the nature of the HHV-8 strain variants present in these distinct paediatric patient groups. We used sequence analyses in order to examine the relationship of the strains present within the KS and non-KS children and also to compare to other strains now grouped within proposed classification schemes. In addition, we have analysed AIDS KS strains from a geographically distinct region (Denmark) in order to examine the relationship to other European strains, to compare with the level of variation between strains found in a different area and to outgroup our analyses from the Zambian strains. Furthermore, as the results showed that the Danish and Zambian strains were easily differentiated, these acted as internal controls for any laboratory PCR contamination.
Few reports are about the types and variability of circulating HHV-8 strains. Recent results have addressed the question of strain variability by comparing variation of limited regions of HHV-8 over the minor capsid region (233 bp fragment, ORF26) and the tegument region (ORF75) of HHV-8 DNA sequences from mostly adult KS patients (Zong et al., 1997) . We have used these regions as well as two additional regions : one being a conserved region which shows strain variation in other herpesviruses, glycoprotein H (gH ; Gompels et al., 1993) , and another which is unique to HHV-8, the K1 glycoprotein gene (Russo et al., 1996) , and which may have a role in HHV-8-specific biology. We show variation in all regions analysed. In particular, we demonstrate that the K1 glycoprotein is highly variable, whereas it is markedly conserved between both groups of Zambian children analysed here in the presence or absence of KS. These results are discussed in terms of K1 variation, virulence and transmission.
Methods
Patients and DNA preparation. DNA was prepared and analysed from 53 samples of whole blood (2n4 ml) from febrile infants (FI) and 10 biopsy tissue samples from children with endemic KS seen at the paediatric department of the University Teaching Hospital (UTH), Lusaka, Zambia, as described previously (Kasolo et al., 1997) . The UTH is a 2000-bed hospital and is the largest general hospital in Lusaka, serving an estimated million people (10 % of the population). In addition, it is the main national referral hospital and receives most KS referrals from across the country. Except where designated HIV-positive (see Fig. 6 ), all the infants and children in this study were HIV-seronegative (Figs 1-5) as determined by the commercially available ELISA (Welcozyme ELISA VK 57, Murex Diagnostics). All seronegative samples were also negative for HIV provirus by DNA PCR (Nanteza et al., 1998) . In addition, mothers of HHV-8-positive HIV-negative infants were also HIVnegative. Genomic DNA was extracted from whole blood using Genomix (Genomix Talent Sri) and then resuspended in a final volume of 30 µl TE buffer (10 mM Tris, 0n1 mM EDTA, pH 8). KS biopsies were stored at k70 mC. The samples were thawed, placed in PBS on ice, then minced and digested overnight with proteinase K-SDS. DNA was purified by phenol-chloroform extraction followed by ethanol precipitation, and the DNA was resuspended in 30 µl TE buffer. The four adult AIDS KS biopsies were from paraffin sections from Hvidovre Hospital, Copenhagen, Denmark (collected by Thomas Benfield ; N. Obel, F. Kasolo, T. Benfield & U. A. Gompels, unpublished data) . DNA was extracted as described using xylene extraction (Luxton et al., 1997) , followed by proteinase K digestion, phenol-chloroform extraction and ethanol precipitation.
PCR amplification. Sample DNA was amplified with five HHV-8 primer sets. One additional set was used as a cellular DNA-positive control (human prolactin gene) (Kasolo et al., 1997) . The ' KS233 ' set is from ORF26, a 233 bp fragment of the minor capsid protein gene (Chang et al., 1994) . The other primer sets were designed using the genomic sequence (Russo et al., 1996) , including ORF75, a 423 bp fragment of a tegument protein gene ; ORF22, 332 bp of the gH gene ; and ORFK1, 221 bp encoding the N-terminal fragment (K1N) and 616 bp encoding the K1 external domain (K1EX).
Primer sets : (1) KS233, ORF26 (Chang et al., 1994) , 5h agccgaaaggattccaccat 3h and 5h ctggacgtagacaacacgga 3h ; (2) tegument, ORF75, 5h aggaggccttcaccggcctgtatg 3h and 5h agatagcgctcttggcaagccgct 3h ; (3) gH, ORF22, 5h ctagaggatccatgcagggtctag 3h and 5h gtcggatcctcgcacgtatagcga 3h ; (4) K1 N terminus (K1N), 5h agaggatcctgtatgttgtctgcag 3h and 5h atgggatccaaatgctctgtcgatg 3h ; (5) K1 external domain (K1EX), 5h gggatcctttcgaggactattaag 3h and 5h tacggatccatgcacttcaatatg 3h.
Primer sets 2-4 are modified to contain restriction enzyme sites for cloning. PCR was done under standard conditions (Kasolo et al., 1997) . The thermocycling procedure was 94 mC for 4 min, then 50 cycles at 94 mC for 30 s, annealing at 53 mC for 30 s and extension at 72 mC for 120 s. Each run contained two negative controls (water and cellular DNA prepared from a human T lymphocyte cell line, JJhan). The PCR products were resolved and detected visually by 0n8 % agarose gel electrophoresis with ethidium bromide staining. All samples were amplified independently at least twice and in all cases HHV-8 DNA was not detected in the PCR negative controls.
DNA purification, cloning and sequencing. The DNA PCR products generated by the gH and K1 primer sets with introduced BamHI restriction enzyme sites were first digested with BamHI and separated by electrophoresis in an agarose gel, from which the relevant DNA fragments were excised and purified by phenol extraction and ethanol precipitation. The purified PCR product was then ligated into BamHIdigested and phosphatase-treated M13 mp18 vector DNA, and transformed into E. coli JM109. Multiple independent clones from at least two independent PCR reactions were then sequenced. Sequencing on singlestranded M13 clones was done using dideoxynucleotide chain termination with $&S-dATP as a radiolabel as described (Gompels et al., 1993) and by automated sequencing with fluorescence-labelled nucleotides, following the manufacturer's conditions for cycle sequencing (Promega, Amersham). The sequences of both the gH and K1 fragments were generated using the M13 universal primer (Promega). The 233 bp fragment and tegument protein fragments of HHV-8 PCR products were purified with a Geneclean kit and nucleotide sequences were derived using a cycle sequencing protocol (Promega, Amersham) with Taq polymerase. The sequences were resolved on an ABI Prism sequencer (ABI Biosystems). Radiolabelled DNA molecules were separated on 6 % polyacrylamide-8 M urea Tris-borate-buffered gels which were fixed in 10 % methanol, 10 % acetic acid, vacuum-dried and visualized by exposure to X-ray film. The sequences derived from the PCR products or from the M13 clones were from both DNA strands and multiple independent reactions.
Computer analyses. Multiple alignments and phylogenic analyses used algorithms based on the CLUSTALV program (Higgins & Sharp, 1989) adapted for a Macintosh computer (PowerMac). Analyses were also performed with Staden nucleotide and protein interpretation programs (R. Staden versions 7.3 and 5.1, 1995) on Silicon Graphics or Sun UNIX computers. Sequences derived from the automated sequencer were compiled and analysed with associated software, Sequence Navigator (ABI version 1.0.1, 1994), Autoassember (ABI version 1. 40, 1995) and Factura (ABI version 1.2, 1995). All sequences used for comparisons were derived from GenBank. Chang et al. (1994) first identified HHV-8 sequences in an AIDS KS. Analysis was extended to a 20 kb fragment and the strain is termed here KSHV . The minor capsid gene was described, together with a specific set of primers for use in PCR-based detection of HHV-8. This is ' KS233 ', the 233 bp fragment within the KS330Bam clone, marked in Fig. 1 as KSHV (Chang et al., 1994) . With the determination of the complete genomic sequence from a PELderived strain, BC1, this gene is now defined as ORF26 (Russo et al., 1996) . The KS233 primers for ORF26 are the most widely used primer set for PCR detection of HHV-8 and sequence analyses. It is a conserved, essential gene in all herpesviruses and has been the basis of proposed subclassification schemes for HHV-8 strains (Huang et al., 1995 ; Zong et al., 1997) . For these reasons, this region was first analysed in the specimens collected here.
Results

KS233 analyses show a new group of HHV-8 in febrile infants and childhood endemic KS
In our previous studies, the KS233 primer set was used to identify and semi-quantify HHV-8 present in both blood from FI and biopsy specimens from KS-CE. HHV-8 was identified in 8 % of 53 FI and 100 % of the 10 KS-CE biopsies examined. Given the high levels of HHV-8 DNA identified and the age of the febrile infant patients, all under 1 year, it was possible that these represented primary infections (Kasolo et al., 1997) .
Here we present the sequences of the complete fragments identified in these Zambian children's samples and compare them to all the sequences in this region published to date, which have been placed in a provisional classification scheme (Zong et al., 1997) . The published sequences are derived from adults with all forms of KS including classic Mediterranean, USA AIDS epidemic, African endemic (adult, from Uganda and DRC, formerly Zaire) as well as the lymphomas, BCBL or PEL (Chang et al., 1994 ; Huang et al., 1995 ; Russo et al., 1996 ; Zong et al., 1997) . We also analysed adult AIDS KS from Denmark as a further distinct geographical location in order to investigate the relationship to the Zambian strains and also to compare to the level of variation found between strains in a different location. The results showed that the Danish HHV-8 sequences had greater variation between strains and also were the most distinct from the Zambian Fig. 1 . Phylogenic analysis of the KS233 fragment within ORF26, minor capsid gene ; nucleotide sequence. The strains from the febrile infants and childhood endemic KS are indicated as FI/KS-CE and group differently from all other HHV-8 sequences analysed to date. These other strains are from adults and are from all forms of KS plus BCBL. The compilation is from Zong et al. (1997) , showing three groups A, B or C. Types of the different A, B or C strains are indicated as reference strains as RA1-3, RB1-5 and RC1-2. Two unclassified strains described are also included, plus the prototype strains from the original HHV-8 KS sequence, termed KSHV, as well as the genomic BC1 strain from a BCBL. Both of the prototype strains group with the reference strains of group A here. Febrile infant strains are indicated by an asterisk here and in all following figures. The KS-CE are indicated by ' A ' through to ' J ' and correspond to patients from reference (Kasolo et al., 1997) SS14461, SS16217, SS16233, SS1627, OPD16787, SS16238, MP, SS165446, SS16546 and SS16552. Danish AIDS KS samples analysed are indicated by DMKS (1 to 4). Prototype strains are BC1, KS-FN and KSHV derived from USA BCBL/PEL, German AIDS KS and USA AIDS KS, respectively (Chang et al., 1994 ; Russo et al., 1996) . Percentage differences are from calculated branch points.
strains. Thus, the Danish sequences also served to outgroup the Zambian phylogenetic analyses and acted as controls for any laboratory PCR contamination. At the end of these analyses all samples were re-tested blind in random mixtures of DNA samples from the distinct locations. All primer sets were used including those described in the following sections and all the results were duplicated, with no evidence of PCR contamination. This was also controlled by using negative controls of multiple water samples and uninfected cellular DNA, which all remained negative after repeated amplifications.
The results of the PCR and sequence analyses of ORF26 showed there was an overall 2 % variation across this region at DAFH F. C. Kasolo and others F. C. Kasolo and others Zong et al. (1997) are used for comparison (RA, RB, RC) and are the published sequence to date including all forms of KS as well as BCBL, again in adults. Note in this case that the prototype strains are diverging in their grouping, KSHV with reference strains A, and BC1 with reference strains C. (b) Phylogenic analysis of ORF22, the gH gene fragment. Nucleotide sequence variation to 2 %. Unusually, all the substitutions are coding changes, thus the same relationships are shown for both nucleotide and amino acid sequence phylogenies (see text). The amino acid sequence phylogeny shown here has greater variation, to 3 %. Nucleotide changes are in Table 1 . They encode the following amino acid changes at these BC1 genomic positions : 37 315 Ala/Ser ; 37 412 Val/Ala ; 37 483 Lys/Gln ; 37 490 Gln/Lys ; 37 504 Phe/Val ; 37 520 Val/Ala. 10 sites. Few were coding changes (less than three). Most sites were represented in multiple strains indicative of virus variation rather than random errors introduced during PCR. The phylogenic analysis showed that the adult Danish AIDS KS (DMKS) clustered with established classified groups, whereas the KS-CE (samples A to J) clustered with the FI (samples 13, 14 and 351) in a distinct grouping (Fig. 1) . There was one exception, KS-CE sample A, which clustered with strains representing a B group classification (Zong et al., 1997) . This could be interpreted as an exception to the KS-CE grouping. Alternative interpretations are that the virus is a recombinant or that the level of variation observed at this site is too low to make adequate groupings. In order to further investigate the relationships of these strains, additional sequences across the genome were examined.
Conserved gene analyses supports grouping
Two further regions of the HHV-8 genome were analysed for strain variation. Another gene was also one of the first HHV-8 sequences reported, KS631Bam, marked in Fig. 2 as KSHV strain (Chang et al., 1994) . This sequence is in a gene encoding a tegument protein, ORF75, which is conserved amongst all gammaherpesviruses examined (Albrecht et al., 1992 ; Gompels et al., 1988 ; Russo et al., 1996) . It has also been used together with KS233 for strain grouping (Zong et al., 1997) . A new primer set was designed to amplify a 425 bp gene fragment. We also chose to examine a 332 bp fragment from the N-terminal region of the gH homologue, ORF22, a gene that encodes a glycoprotein conserved in all human herpesviruses which is important for infection (Gompels et al., 1995 ; Russo et al., 1996) . Our previous studies of strain variation in other herpesviruses had shown that this is a region which showed sufficient variation for grouping strains (Gompels et al., 1993) .
Sequences derived for both these regions, ORF75 and ORF22 (gH), for the DMKS, FI and KS-CE strains were compared to all published KS HHV-8 sequences. The phylogenic analyses show again that the FI and KS-CE sequences cluster together in a new group (Fig. 2 a, b) . In both regions, up to 2 % variation is observed at six sites in gH and 10 sites in ORF75. Similar levels of variation were encoded in the amino acid sequence, the most was in gH (3 %) (Fig. 2 b) . Within ORF75, all FI and KS-CE strains cluster together in a separate group. This is also shown for gH, with minor exceptions for FI 13 and KS-CE sample A (Fig. 2) .
Taken together, the analyses for ORF22 (gH), ORF26 (capsid) and ORF75 (tegument) support a new grouping for the FI together with the KS-CE strains.
Strains unclassifiable in comparison to previous grouping systems
Hayward and colleagues have proposed a system of classification of HHV-8 strains based on variation in the ORF26 and ORF75 genes (Zong et al., 1997) . Using their DAFI Table 1 . HHV-8 sequence variation from childhood endemic KS and febrile infants compared to AIDS KS versus prototype and grouped reference strains
The reference and prototype strains are from adult KS or BCBL. Prototype strains KSHV genomic fragment, KS-FN and BC1 genomic sequences are from the USA, German AIDS KS and USA BCBL, respectively Russo et al., 1996) . Reference group strains from Zong et al. (1997) : AKS1, USA AIDS KS ; 431KAP, DRC (formerly Zaire) endemic KS ; ST1 and ST2, Uganda AIDS KS. The study strains are from adult AIDS KS from Denmark (DM-KS) and childhood samples from Zambia which are ' FI ' febrile infant strains from blood, and ' KS-CE ', childhood endemic KS. Nucleotides in bold denote group (A, B or C) diagnostic sites for ORFs 26 and 75 as devised for the reference strains by Zong et al. (1997) . Asterisks indicate nucleotides which do not fit in the reference grouped strains and contribute to the unclassified status (UN). These are 1,T ; 2,C ; 3,C ; 5,G ; 6,C ; 7,G or T ; 8,C ; 9,C ; 16,C ; 17,C ; 20,T ; 21,C ; 22,C ; 24,C. Genomic positions for nucleotides 1-24 for the BC1 strain are : 37, 315 ; 37, 412 ; 37, 483 ; 37, 490 ; 37, 504 ; 37, 520 ; 47, 332 ; 47, 333 ; 47, 349 ; 47, 355 ; 47, 386 ; 47, 394 ; 47, 432 ; 47, 439 ; 133, 256 ; 133, 264 ; 133, 289 ; 133, 334 ; 133, 514 ; 133, 539 ; 133, 559 ; 133, 593 ; 133, 625 ; 133, 660 . Numbering for nucleotides 7-24 corresponds to that of Zong et al. (1997) as follows : ORF26, 1032 ORF26, , 1033 ORF26, , 1049 ORF26, , 1055 ORF26, , 1086 ORF26, , 1094 ORF26, , 1132 ORF26, , 1139 ORF75, 159, 167, 192, 237, 417, 442, 462, 496, 528, 563 .
ORF22 (gH)
ORF26 ( scheme and all the sequences they analysed, the data collected on the DMKS, FI and KS-CE samples were compared (Table 1) . Prototype strains BC1, KSHV and KS-FN were included as well as reference strains from the A, B and C groups chosen from USA AIDS KS (AKS1, A group), African endemic KS (431KAP, group B) and African AIDS KS (ST2, group B ; ST1, group C). Here none of the samples conform easily to any of the A, B or C classifications, although the DMKS appears more similar to European and American AIDS KS (groups A and B). The FI and KS-CE strains clearly do not belong within the A grouping. They mostly seem to share some features with one of the other groups, or sometimes all three. In some cases samples have no diagnostic residues, in others they seem to be a combination, and in all of them there appear to be new diagnostic residues that do not conform to the A, B or C grouping. Moreover, compared to the gH sequences all the prototype strains are identical but different from the strains analysed here. The new diagnostic residues for the FI and KS-CE strains appear in up to 14 sites and appear to be more characteristic of this new grouping. Taken together, these analyses, summarized in Table 1 , from three distinct parts of the genome show that the FI and KS-CE strains seem to fall into a new unclassifiable group consistent with the analyses shown by phylogeny (Figs 1 and 2) . Table 1 , based on ORFs 22, 26 and 75. Recent data for K1 from this group reclassify new A, B and C groups for K1 and have KS-FN as K1-C and BC1 and BCBL as K1-A (Nicholas et al., 1998) .
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K1 analyses show high variation and support a new strain grouping in both HIV-negative and -positive patients
Since the sequence analyses of ORF22, ORF26 and ORF75 pointed towards a new grouping of FI and KS-CE strains, examination of sequences with a higher level of variation would unambiguously define this new group. Preliminary analyses of the genomic strains suggested that the K1 gene may be such a site suited for strain grouping. The HHV-8-specific K1 gene encodes a putative glycoprotein and is located at the extreme left end of the genome, adjacent to the terminal repeats (Russo et al., 1996) , a region within other herpesviruses which is often subjected to a higher rate of variation due to the mutagenic effects of the repetitive sequences (Gompels et al., 1995) . The K1 region was chosen to further explore the differences observed in the FI\KS-CE grouping. In addition, comparisons to K1 sequences from another BCBL cell line (termed here BCBL) (Lagunoff & Ganem, 1997) showed 6 % variation (not shown). Furthermore, at the end of the studies described here comparisons were made with KS-FN, the complete genomic sequence from an AIDS KS . This also showed high K1 variation. The most variation between these prototype strains was observed within the encoded extracellular domain, in particular at the Nterminal region (not shown).
Primers were designed to examine variation in the Nterminal variable part of K1, termed K1N. The level of variation shown here would be sufficient to test the grouping of the FI and KS-CE strains. K1 may also encode amino acid sequences diagnostic for this new grouping which could be indicative of biological differences. A variable 221 bp region encoding the N-terminal domain of the K1 glycoprotein was selected for PCR and sequence analyses. Sequencing of the FI, KS-CE and DMKS strains followed by phylogenic analyses showed that both the nucleotide and amino acid sequence variation clearly grouped the FI and KS-CE strains distinctly from the adult samples. Up to 10 % and 25 % variation was observed between the nucleotide and amino acid sequences, respectively (Fig. 3) . The European AIDS KS strains clustered separately from the BCBL and PEL strains. The most distinct grouping was between the FI and KS-CE, which were closely related as shown for the other regions, with only 1-2 % variation in contrast with up to 25 % variation observed in comparisons to all the other published strains, and to 20 % variation between the DMKS strains (Fig. 2) .
The sequences were further characterized by multiple alignment analyses in order to identify possible diagnostic sites of variation in this new grouping of HHV-8 strains and also sites of coding differences which may correlate with biological features. In Fig. 4 , the multiple alignment of the nucleotide sequences from the K1 N terminal region is presented. There are 39 variable sites with 28 coding changes. Of the 39 variable sites, more than from the other three genes put together, 25 sites appear to correlate with the FI\KS-CE grouping. These sites are indicated on the alignment (Fig. 4) . Most of these sites potentially have biological significance in that 21 of these are coding changes. Three changes are unique for this group and significantly these are also coding changes (Fig. 4 b) .
In order to investigate this K1 variation further, the entire encoded extracellular domain of K1 (K1EX) was PCR-amplified and sequenced from one KS-CE sample and compared to prototype strains BCBL and BC1 from USA PELs and KS-FN from a German AIDS KS. In Fig. 5 (a) the alignment of the nucleotide sequences shows 55 sites of variation with an inframe deletion of 15 nucleotides in KS-FN absent from the other strains. Of all these substitutions, four are exclusive to the KS-CE sample and these are within the N-terminal domain. In Fig. 5 (b) the alignment of the encoded amino acid sequences shows that of the 55 sites, most are coding changes (42) and the identified diagnostic substitutions for KS-CE are coding changes in the N-terminal domain. This shows that these changes are clustered in the N-terminal domain, which may correlate with specific biological properties of this new grouping of FI and KS-CE strains. Interestingly, the K1 region also has a higher ratio of nonsynonymous (coding) to synonymous substitutions, which may be indicative of some form of selection taking place at this locus (Niewiesk & Bangham, 1996) . Of the four regions examined, only K1 and gH have this property, although K1 has higher variation, particularly at the N-terminal region (Table  2) . In this region, a cluster of diagnostic amino acid changes DAGB between residues 54-56 shows coding changes which introduce a new potential site for N-linked glycosylation into the molecule (NQS) and which could have marked effects on the processing, cellular localization and function of this molecule (see Fig. 4 b) .
Further analyses of K1 in HIV-seropositive FI and childhood KS showed similar results as that shown for the seronegative group (Fig. 6 ). This indicates that the strains infecting the HIVnegative children are similar to those infecting children with the now more prevalent AIDS KS.
Discussion
This report identifies HHV-8 strains present in HIVnegative childhood endemic versions of KS and shows that they co-segregate with strains identified in infections of FI in the absence of KS. These strains were distinct from previously described HHV-8. This grouping was shown for 14 HHV-8 strains identified in samples from HIV-seronegative FI and KS-CE distinct from previously published data for strains from adult endemic KS, classic KS, AIDS KS and PELs as well as additional European AIDS KS (DM) analysed here (Huang et al., 1995 ; Lagunoff & Ganem, 1997 ; Russo et al., 1996 ; Zong et al., 1997) . This has been determined from sequence analyses of five PCR products of between 220 and 616 bp amplified from four distinct regions of the genome.
Comparisons were made to all other published data as well as the DM AIDS KS presented here, which showed up to 2 % nucleotide sequence variation in ORF22 (gH), ORF26 (minor capsid protein, KS233) and ORF75 (tegument protein, KS631). Most variation was in the HHV-8-specific K1 gene, where there was up to 10 % nucleotide variation encoding up to a 25 % difference in amino acid sequences. In contrast, comparisons between the strains from the FI and KS-CE group showed, on the whole, less than 2 % variation in all regions, including K1. However, each strain was distinct in that not one strain was identical to another across all regions examined and similar relationships were shown by phylogenic analyses of all the regions linked together. The new FI and KS-CE grouping was distinct from previous classification schemes.
There were minor exceptions in the ORF26 and gH gene analyses, although these may be due to the low variability at these loci. Sample A in ORF26 analysis grouped with classified strains (groups A and C), whereas in ORF75 analysis it grouped with KS-CE, and in gH analysis it grouped with classified strains. Conversely, FI 13 grouped with KS-CE in ORF26 and ORF75 analyses, but with classified strains (groups A and C) in gH analysis. In the more variable K1, both these samples clearly segregate with KS-CE. In these two cases it could be that these strains are recombinants or it could be that the level of variation within the two regions used for previous strain classifications (ORF26 and ORF75) border on the random fluctuation that is present within the HHV-8 genome and would be insufficient for unambiguous grouping. In the related gammaherpesvirus, EBV, as well as HVS, there are also examples where there is greater local genomic variation which relates to biology and grouping whereas in other regions the variation is low (Albrecht et al., 1992 ; Jenkins & Farrell, 1996 ; Sample et al., 1990) .
Overall the data show that the strains identified in the non-KS FI with HHV-8 infections are closely related to those identified in the KS children, both in the absence of HIV infection. These samples are from Zambia, a region of subSaharan Africa where KS is endemic and can present as KS-CE. The Zambian strains were distinct from previously described strains or strain grouping and had low variation between them, even in K1 and even between the non-KS FI (blood) and KS-CE strains. The clustering of the KS-CE could be due to sampling from one hospital ; however, the UTH is a national reference centre for Zambia and receives KS referrals from most (approximately 60 %) of the population. Although no regional clustering was identified in the hospital records, UTH rarely sees cases from the north and deals with mainly central, southern, eastern and western regions. The co-segregation of the non-KS infant and KS-CE strains suggests a relationship. This close relationship of HHV-8 FI and KS-CE strains appeared significant in that children co-infected with HHV-6 had different strain variants (Kasolo et al., 1997) . Furthermore, HHV-8 strains identified in Zambian HIV-seropositive FI and KS-CE show a similar close relationship ( Fig. 6 ; F. Kasolo, M. Monze & U. A. Gompels, unpublished results), whereas the proviral HIV sequences were divergent (Nanteza et al., 1998) . This indicates that in Zambia the virus strains identified in the HIV-negative children with or without KS-CE are related to the strains transmitted in the now more prevalent AIDS KS. This geographical variation may result in virulence differences, possibly with different transmission patterns. This is supported by the observation that since the advent of epidemic HIV\AIDS in Zambia there has been an increase in the occurrence of childhood KS . However, this is still a relatively rare disorder with the incidence published at 6 per million children per year . The identification of HHV-8 in 8 % of FI in this population suggests infection with this virus may be more widespread (Kasolo et al., 1997) .
African KS-CE presents in different forms to the predominant skin-associated adult AIDS KS in Western patients (Matondo & Zumla, 1996) . KS-CE is a more disseminated condition with various degrees of lymphadenopathy and a rapidly progressing fatal form . Interestingly, some data suggest that KS-CE in Zambia presents differently from neighbouring KS endemic African countries in that cases affect mostly a younger age group ( 5 years old), with a lower male\female ratio and lower prevalence . Here we have shown that similar strains can be present in peripheral blood of FI as well as within the sarcoma tissue of older children with endemic KS in Zambia. In this study the mean age of the children with KS was 9n4 years (Kasolo et al., 1997) , although the mean age in an earlier prevalence study of Zambian KS was 5n4 years . If infection was taking place during infancy, these figures may reflect the incubation period to development of KS-CE. The time-scale resembles development of nasopharyngeal carcinoma, a neoplasm which involves multiple factors including a geographical component and infection with a gammaherpesvirus, EBV (Sun, 1995) . Our data suggest that infection as an infant could be related to development of KS-CE in a particular geographical area and thus needs to be evaluated as a risk factor in these regions. The finding of a separate grouping for the Zambian FI and F. C. Kasolo and others F. C. Kasolo and others KS-CE strains, here designated as ' Z ', raises the issues of differences in virulence and biological determinants which may correlate with disease associations. Only K1 had sufficient coding changes which correlated exclusively with this grouping, although there are likely to be other genes. K1 also had a high proportion of non-synonymous changes indicative of selection (Niewiesk & Bangham, 1996) . These changes may affect biological differences. In the HHV-8-related HVS, the left end of the genome is the ' transforming region ', which includes the STP and Tip oncogenes. These genes are in the same loci in HVS as K1 in HHV-8 and their presence correlates with transforming ability in vitro as well as oncogenicity in animal models (Kretschmer et al., 1996 ; Lee et al., 1997) . K1 has been shown to functionally complement this transforming region of HVS (Lee et al., 1998) . The gene encodes a product with characteristics of a transmembrane glycoprotein with similarity to the immunoglobulin superfamily and may have possible roles in signal transduction, as has been shown for the transforming region in HVS (Lund et al., 1997) . The amino acid substitutions in the Z strain group identified here may affect the function of K1 or its immune recognition, which may contribute to differences in virulence and associations with the development of KS.
